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Abstract 

O 

• ^ We present fluid dynamics videos of the flight of some of the smaU- 

est insects including the je-wel -wasp, Ampulex compressa, and thrips, 
Thysanoptera spp. The fruit fly, Drosophila melanogaster, is large in 
comparison to these insects. While the fruit fly flies at Re ~ 120, the 
je-wel -wasp flies at Re sa 60, and thrips flies at Re w 10. Differences 

^-H in the general structures of the -wakes generated by each species are 

^ observed. The differences in the -wakes correspond to changes in the 

ratio of lift forces (vertical component) to drag forces (horizontal com- 
ponent) generated. Largel and small versions of the movies may be 



found by clicking the links. 
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^ 1 Introduction 

^ The fruit fly is considered to be one of the smallest flying insects with a 

• ^ -wingspan of about 6 mm. It flies at about 200 -wingbeats per second, -which 

^ yields a Reynolds number of about 120. Ho-wever, there is a large variety of 

d flying insects that are much smaller in size. One group includes parasatoid 

-wasps. The je-wel -wasp is one example and has a -wingspan of about 3 
mm, flying at a Reynolds number of about 60. Another group includes 
Thysanoptera, commonly kno-wn as thrips. These insects are characterized 
by bristled wings and fly at Reynolds numbers around 10. 
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In 'typical' insect flight, lift is produced when a leading edge vortex 
is formed and remains attached to the wing, and a trailing edge vortex is 
formed and separates from the wing during each stroke. For tiny insect flight, 
neither the leading nor trailing edge vortices separate from the wing during 
the duration of each stroke. As the Reynolds number is lowered from 100 to 
1, the relative lift forces produced during flapping flight decrease while drag 
forces increase signiflcantly. These transitions are associated with a change 
in the behavior of the vortex wakes behind the flapping wings yj. 

2 Methods 

Thrips were collected during July and August locally on the University of 
North Carolina campus. Fruit flies were obtained from a local collection in 
the UNC Department of Biology. Jewel wasps were ordered from Carolina 
Biological. High speed videos of the insects were taken at 4000 Hz. In each 
case, one or two cameras were focused on a standard pipette tip from which 
the insects were filmed during takeoff. 

Immersed boundary simulations [2j were performed for a two-dimensional 
wing with a fixed angle of attack of 45 deg immersed in a channel. Reynolds 
number was calculated as where U was the maximum velocity in the 
channel, ^ was the dynamic viscosity of the fluid, p was the density of the 
fluid, and L was the chord length of the wing. The initially velocity of 
the channel was set to zero and then linearly increased to a set velocity 
determined by the desired Reynolds number. 

Particle image velocimetry was used to quantify the flow fields around 
a dynamically scaled physical model of a wing that rotated about its base. 
The velocities of particles illuminated in the laser sheet were determined 
from sequential images analyzed using a cross-correlation algorithm (LaV- 
ision Inc. software). Image pairs were analyzed with shifting overlapping 
interrogation windows of decreasing size (64 x 64 pixels then 32 x 32 pixels). 
Lift and drag forces were also measured using a dynamically scaled physical 
model that rotated about its base [3]. 
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